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IN July, 1944, during the course of a long-term investigation into avian
neoplastic disease, a post-mortem examination of a duck showed it to have
multiple liver tumours. Unfortunately, this case was not seen personally and
no record was kept of any details apart from the sex of the subject-a female.
However, material was taken for histological examination and a diagnosis was
later made of liver-cell carcinoma. Primary cancer of the liver is known to
occur in chickens, but is relatively uncommon. A careful search ofthe literature
failed to bring to light any previous mention ofthis condition in ducks.
During the following month another case was found during a post-mortem
on a White Campbell duck. In a preliminary note (Campbell, 1946) this duck
was erroneously called anAylesbury. Later that month athird casewas observed
in a Khaki Campbell duck. Both of these birds were in their second year and in
all subsequent cases examined the ages of the birds varied between 2 and 3
years. So far, the condition was found to be confined to the liver, with no
metastases visible to the naked eye.
At the time of writing, a total of 21 cases have been examined either as post-
mortem subjects or in the terminal stages of the condition, while several cases
have been utilized for experimental work. All cases occurred in the female
subject and in the Campbell strain, either White or Khaki.
Epizootiology and symptoms.
It will be seen from Table I that out of the 22 ducks examined, 17 came
from 4 flocks, designated Flock A, B, C and D. None ofthese was a large flock;
15 ducks being the maximum number maintained. Two of these sources pro-
vided 3 cases each, a third provided 4 cases (one ofwhich was not seen personally),
and a fourth flock provided 8 cases from a flock of 12 ducks. One of the latter
cases (Case 17) had 2 different simultaneous neoplastic conditions, namely a
large thoracic histiocytic-sarcoma of undetermined origin, and a much smaller
hepatoma.
Prior to the first observed case in 1944 a total of 21 ducks had been examined
in 4 years, and no case of neoplastic disease was encountered. An examination
of the records kept prior to 1939 showed that no case of liver carcinoma, or
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in a total of 76 ducks examined, 22 had liver carcinoma, or an incidence relative
to disease in ducks as a whole ofnearly 29 per cent.
This duphcation of cases in several smaR flocks suggested that an attempt
should be made to trace the original source of the ducks composing these flocks.
When this was done, theinteresting fact came tohght that in 2 instaneft (Flocks
B and D) the ducks were obtained from an identical source in Cumberland. No
information was obtainedregarding the 2 rema flocks.
Several birds suffering from this condition have been examined alive, and in
the later stages ofthe disease the symptoms are very characteristic.
There is usuaRy a history of loss of appetite and of lethargy. The duck
shows a tendency to walk or stand in a more upright position than normal, thus
Sim the gait and stance of a penguin. The abdomen becomes enlarged,
although the bird tends to loseweight. There isfi-equently a history ofgreenish
fluid evacuations. As the disease progresses, general weakness brings about the
loss oflocomotory power, and death superv-enes either suddenly from an internal
haemorrhage, or slowly from cachexia and exhaustion.
If examined during this late stage, a dropsical condition of the abdomen is
apparent, and careful palpation shows the prewnee of an enlarged nodular liver
projecting weR beyond the caudal extremity of the stemum on the floor of the
abdomen. There may be signs ofrespiratory-embarmmment, due to increased
abdominal pressure, or to lung involvement through metastatic spread, or to
both these factors. Tapping the abdomen with a large-bore hypodermic needle
resWts in the drainage of a considerable volume of clear green transudate with
specific gravity of about 1-014. This often gives temporary relief, and hfe may
be prolonged for a week or two.
Post-morkmfinding8.
The duck is fi-equently underweight, sometimes emaciated. On openmg
the abdomen a variable amount of fluid is found, usuaRy clear yeRow or green
in colour. The hver is always enlarged, sometimes to an enormous degree,
e.g. CAw 7 (Table'l), where it was nearly half the weight of the bird. UsuaRy
one lobe is mainly involved, but there is no definite predilection for right or left
lobe. Ina ical caw, the fiver tumours are nodular andbright green in colour
and covered with a tense glistening membrane containing ramifying vessels.
Other tumours may take the form offirm, cream-coloured nodules,probably
reprewnting more recent growths not yet stained with bile. Haemorrhagic or
necrotic nodules are not uncommon. In the author's coRection of cases, the
liver weight varied between 90 g. and 625 g., the weight of a normal liver being
in the region of 75 g.
When the liver is incised, soft, sometimes pasty greenish tumours are found
involving the whole organ. Each nodule is discrete, andseparated fromadjamnt
nodules by a thin zone ofpale tissue, thus giving a trabecular appearance to the
cut surface. These trabeculae may merge towards the centre of the tumourous
lobe to form a broad, well-defined
" tnmk
" from which the trabeculae radiate
outwards like branches Wig. 1).
The most common sites for secondary growths are lungs, kidneys and ovary.
Other sites have been observ-ed, e.g. intestine, oviduct and spleen. A number
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are obvious, however, they are characterized by a greenish-brow-n discrete type
of growth. The lung is frequently riddled with such tumours, and they may
attain acomparativelylarge size in the ovary. In thekidneythey formspherical
tumours projecting from the surface of the organ (Fig. 2).
Hi8topathology.
The structure of these primary liver tumours in the duck varies from the
welldifferentiatedadenomatoustype oftumour inwhich metastasis is uncommon,
to a frankly anaplastic type which is highly malignant. As no useful purpose
could- be achieved by attempting to describe all the intermediate grades, only
the adenomatous and anaplastic forms will be described.
The adenomatoustype ofhepatocellular carcinoma bears a strong resemblance
to embryonic liver tissue, being composed of anastomosing tortuous tubules or
solid cords (Fig. 3). The liver cells forming these structur'es -are cuboidal,
columnar, or polyhydral with a faintly granular eosinophilic cytoplasm; they
contain a rather small, well defined nucleus, 3-4 [L. in diameter, and 1 or 2 small
eosinopbilic nucleoli, 1-2 [L. in diameter (Fig. 4). The walls of the tubules may
be only one cell thick, or there may be several layers. Occasionally, broad
sheets of cells form a trabecular pattern. The nuclei of those cells forming
tubules are often situated ceiitrally or adjacent to the lumen.
Mitotic division is not often seen. There may be attempts at the formation
of a central vein and the cells immediately apposed to the endothelium are
usually bolumnar in form. Connective tissue divides the tumour into irregular
lobules and contains numerous aberrant bile ducts.
At the other extreme is the anaplastic type, which is characterized by an
almost complete loss of differentiation towards a glandular structure. The cells
are large and polymorphic with vesicular nuclei varying greatly in size and
shape, some exhibiting hyper-chromatism. and containing I to as many as 10
prominent eosinophilic nucleoli. Typical measurements for such cells are,
nucleus 13-6 [L. and nucleolus 6-4 li. The nuclear chromatin is often distributed.
as basophilic granules just within the nuclear membrane (Fig. 5). Both mitotic
and amitotic divisions are common, with occasionalatypicalfigures.
The intercellular reticulum is scanty and tends to' enclose groups of cells.
Occasional connective tissue trabeculae occur, containing capillaries, and wide
blood vessels composedonly ofendothelium are scatteredthroughout the tumour.
Emboli of tumour cells are frequently encountered in such vessels. Blood
sinuses are frequent, with the blood in direct contact with the liver cells forming
the cavities. Growth of the tumour appears to be mainly expansive.
In several instances a concomitant neoplasia of the bile ducts was apparent.
The behaviour of. such tumours upon metastasis is described below.
Bile duct or cholangiocellular carcinoma.
Typically, these tumours offer no diagnostic difficulties upon histological
examination, owing to the close resemblance between the neoplastic cells and
those composing normal bile ducts (Fig. 6). In some cases, however, anaplasia
renders a differential diagnosis extremely difficult.
The cells composing these tumours have a slightly basophilic cytoplasm, with
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1 or 2 smaR nucleoli. They show a tendency to form duct-like structures, which
are normaRy detectable on careful smrch, even in the anaplwfic type. The
cells are fi-equently columnar and in such cases the nuclei are usuaRy situated
proximaRy, or remote from the lumen. Mitotic figures are common and the
rumourappears togrowmainlybyinfiltration. Thetypesoftumoursencountered
were as foflows : 17 hepatoceRular, I cholangiocellular, and 4 mixed.
Xeta8Wic 8pread.
Spread by metastasis occurred in 10 cases out of the 22 examined. The
findings are summarized in Table 1.
TABLE I.-Liver Carcinoma of the Duck.
Cw,e We*ht- IIYW Of We*ht of
NO. Wee& Sex. tumour. river Metastasm 040-
1 F. H.C.
2 White CampbeH F. I . 8 9 9 185
3 Khaki F. I- 6
4 NVhite F. 2-5 463
5 Khaki F. 1-6 165
6 F. 2-5 Ovary and intestine.
j F. 1-3 625
8 9 91 91 F. 2-0 .91
9 F. i
- i Mixed 245 Ovary and kidneys.
10 F. 2- (vary.
II Kbaki CampbeH F. I
- i H.C.
12* 9 9 lp9 F. i-8 9 9 210 Ovary.
13* 91 lp lp 9 F. 1-1 9 325
14 9-11 99 F. I
- 8 9 135
15 51 !, 919 F. 1-6 C.C. 160 Li-in and kidnev.
16* 9 91 9 9 F. 1-3 H.C. 260
17 319 F. 1-5 'PIP 90
18* 91, .'P F. I- 6 3fixed 180 Lungs.
19 91 lp F. 1-6 H.C. 412 kidney and ovarv.
20* F. 1- 8 Mixed 330 and ovarv.
F. 2-0 H.C. 455 9 9 91 'P
F. 1-6 280 ovary, kidney and
sple,en.
Used for experiments.
Normal weight of liver c. -95 g.
1-1 9 91 adult Khaki C-ampbell duck 2-25 kg.
Ofthe above, Flock A
" contributed 3 cases (3, 5. 8).
951 B
"
9"Y 3 (9, 12,15).
c
lY 3 (6, 11, 13).
D" 7 (4, -4, 16, 1-9, 18, 19, 20).




Mixed,, Both types present in hver tinn ur.
it win be seen that the tumour most commonly metastasizes to the lungs
(Fig. 7) and ovary. Metastasis occurs mainly by blood stream (Fig. 8) for
tumour emboh are fi-equently seen within smafl veins.
In the case of mixed tumour of the hver, where both hepatoceRular and
cholangioceHular carcinoma are present, it wiR be noticed th'at only one type of
neoplastic element metastasizes. Onlv 4 such mixed tumours were found in
which metastasis had occurred. In 3 of these cases the secondaries were of the
bile duct type, while in the remaining case it was the liver cell moiety which had
metastasized.202 J. G. CAMPBELL
In Table I thetypes oftumour are noted. In 22 cases, in a total of 17hepato-
cellular tumours, 5 showed metastatic spread, the 1 cholangiocellular tumour
had metastasized and of the 4 mixed tumours, as mentioned above, all had
metastasized.
RESULTS OF CULTIVATION, SUBCULTIVATION AND TRANSMISSION EXPERIMENTS.
(1) Intravitelline inoculation.
Preliminary experiments I and 2 included the injection of tumour cells into
the yolk-sac of 24 fertile eggs, and a similar experiment with cell-free material.
The results were not encouraging. In Experiment 2, for example, out of 5 eggs
injected with a filtrate of the tumour, 2 embryos died and the rest survived to
hatch, and of the 3 controls injected with sterile-normal saline, I died and the
rest hatched normally. However, the 2 dead embryos from the egg injected
with filtrate showed numerous skin petechiae, and similar lesions on the chorio-
allantois, whilst the allantoic fluid was a clear red colour. It wasbacteriologically
sterile. This haemorrhagic condition was not seen in the dead control embryo.
The red allantoic fluid from one of the dead embryos was injected into the yolk-
sacs of six 7-day-old embryos, 4 of which died within 48 hours, a 5th died 4 days
after injection whilst the last survived and hatched normally.
It wasthought that thesefindings might indicate the presence of some specific
lethal factor in the filtrate, but in view ofprevious unfavourable results obtained
with a number of different tumours injected into the yolk-sac, and of negative
results when duck liver tumour cells and filtrate were injected, the method was
discarded in favour of cultivation on the chorio-allantoic. membrane.
(2) Cultivation on the chorioallantoic membrane.
Experiment 3.-The technique used in this and in all the subsequent egg
cultivation experiments detailed was essentially that of Beveridge and Burnet
(1946).
Eight 11-day incubated eggs were drilled, and a small fragment of liver
carcinoma from case number 16, implanted on the chorioallantois on thefollowing
day. Broths were inoculated at the same time with tumour fragments and were
later 'seen to be sterile. On the 18th day of incubation when the implants had
bi3en in position for 6 days, 6 eggs were opened and 3 showed a distinct greenish
discolouration of the underlying shell membrane. Below this, small green
tumours were growing on the chorioallantois, the largest measuring 4 X 3 x
2 mm. These growths were vascularized by blood vessels from the membrane
and were surrounded by a somewhat opaque thickened zone (Fig.. 9 and 10).
One of the 2 remaining eggs was allowed to hateb andproduced a healthy chick.
Examination of the membrane immediately after hatching showed that it bore
. small tumour. The 8th egg was opened on the 19th day, and also contained
. tumour which was implanted into the anterior chamber of a guinea-pig's eye.
In this experiment, therefore, 5 out of 8 eggs contained small tumours.
Experiment 4.-Five 13-day embryonated eggs were inoculated each with
0-02 ml. 24 hours old filtrate prepared by grinding up liver tumour tissue in a
glass homogenizer, centrifuging, and filtering, using a Seitz type filter and Ford's
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the usual way, and the eggs sealed with paraffm wax and retumed to the incu-
bator.
They were opened on the 5th dav after inoculation. Sfight opacities were
noticed in the membranes, which were not quite so flexuous as normal. Subse-
quent histological examination, however, showed little abnormahtv apart from
some sfight ectodermal proliferation.
Experiment 5.-Ten 5- to 6-dav-old fertile eggs were implanted on 18.iv.4'd
with small fragments of fiver carcmoma from Case 18. A liver fragment and
some of the sahne in which it was minced, were placed into broth which -on the
foHowing day was found t-o be sterile.
On the 20th of the month 2 embrvos were found to be dead. One showed an
implanted fi-agment adhering to the membrane, which was taken for histological
examination.
Two further embrvos were dead on the 23rd. Both had tumours growing on
the membrane. One eira, with a living embrvo was also opened but there was
no sign of a tumour.
The re i'ni'ng eggs were opened on the 30th. Of the 5, 4 had small growths
in the membrane-disappointingly smafl considering the cultivation period
(12 days). Three of these were removed, dissected awav from the membranes
and reimplanted into two '-d-day-old embrvonated eggs. The remaining I was
taken for histological examina.ion. On iO.v.47 the 2 eggs were opened and
I contai.aed a small dark green growth 2 x 2 x 2 mm. in size. Further sub-
cultivation was not attempted.
ExperiMrent 6.--AL biopsv was performed on a duck with hver carcinoma
(Case 20). The tumour tissue was crushed off the margin of the liver using an
emasculator for caponizing cockerels. Haemorrhage was controfled with sahne
packs and adrenahne. Fragments of tissue were immediately implanted into
eggs, 4 containing 101-dav-old embrvos, and I being 9 davs.
The eggs were opened 9 davs later; 4 contained tumours. The largest of
these (6 mm. diameter) was divided into 4, andreimplanted into 4 eggs of 8 davs'
incubation. The remainder was taken for histological study. The eggs con-
taining the second passage implants were opened 10 davs later, and 3 contained
small tumours between 2-3 mm. diameter.
Later a further biopsy on Case 20 provided material to implant into three
8-dav embrvonated eggs. The duck died near the termination of the operation
owmg to too deep anaesthesia. The eggs were examined 10 davs later, and 2
contained small tumours, about 3 mm. diameter, surrounded as usual bv an
opaque area.
(3) C,ultivalion in thR anterior chamber of the eye.
Experiment 7.-Using the technique described bv Greene (1941), small tumour
fragments from a duck liver (Case 16) were introduced into the anterior chamber
of a guinea-pig.s eve. Fourteen davs later, the eve was examinecl with the aid
of an ophthalmoscope and 2 small brownish-green growths were observed, I on
the upper pupillarv border. and I laterallv placed. The animal was destroved
on the 18th dav of implantation and one of the growths measuring 4 x 3 x
2 mm. removed and implanted into three 9-dav embrvonated eggs, which upon
examination on the 18th dav ofinoculation showed noiumours on the membrane.
The eye was prepared for.istological examination of the remaining tumour.204 J. G. CAMPBELL
Experiment 8.-A small liver carcinoma grown for 1 days on the chorio-
allantois was implanted into the anterior chamber of the eye of a guinea-pig.
It failed to grow and was eventually absorbed.
Experiment 9.-This was a repeat of Experiment 7. A fragment of liver
tumour obtained at biopsy (Case 20) was introduced into the anteri'or chamber
as before. The implant failed to grow and was rapidly absorbed.
(4) Direct tr~MiMionexperiment8 (homologou8).
Experiment IO.-A Khaki Campbell duck, 2 months old, had its liver exposed
by intercostal incision, ancl wasgiven anintra-hepatic injection of 1-0 ml. suspen-
sion ofliver carcinoma in saline. Theoriginal tumour was obtained from Case 13.
Sixteen months later the duck was killed and found to havetypical liver tumours,
which proved to be hepatocellular carcinoma. There were no metastases.
Experiment ll.-A 5-month-old Khaki Campbell duck was given an intra-
hepatic injection of 1-0 ml. suspension prepared from a liver carcinoma obtained
from Case 16. The material used was not more than 1 hours old. The duck
was killecl at the end of 16 months, and the liver contained numerous tumours
which histologically were cholangiocellular carcinomas. Again there were no
metastases.
Experiment 12.-Representative portions of liver caTeinoma from Case 18
were injected as a suspension in normal saline into the following Aylesbury
clucklings (it was not possible to get Khaki Campbell duoklings at short notice)
(1) Four 3-day-old ducklings received 1-0 ml. into the peritoneal
cavity.
(2) Four received 0-5 ml. intravenously.
(3) Four received 0-5 ml. intramuscularly. (Actually. the injection
was practically subcutaneous, the pectoral muscles beingpoorly developed
at this age.). This I'atter group also received 1-0 ml. cell-free filtrate
prepared from the tumour into the perit'oneal cavity.
One duckling in group (1) died the following day. Two were destroyed
2 months later and showed no lesions upon post-mortem examination.
In group (2) 2 were destroyed 2 months later and showed no lesions.
In group (3) and in the remainder of- groups (1) and (2) the ducks were
destroyibd 14 months later and upon post-mortem examination showed no
abnormality.
Experiment 13.-Fraorments of liver tumour obtained at biopsy from Case 20
were implanted by means of a wide bore hypodermic needle into the liver of
another Khaki Campbell duck, exposed as before by intercostal incision. The
bird was then 8 months old. Fourteen we'eks later it was observed to be weak,
losingweight, and to have anenlarged abdomen. It wasdestroyed and examina-
tion showed a large liver tumour weig'hing 280 g. with metastases in the lungs,
kidney and ovary.
Histological examination of this tiimour showed it to be a hepatocell-dlar
carcinoma. The original tumour (Table 11) was a mixed type, but with cholan-
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TABLE II.-MetasWic Spread of the Dwk Liver Carcinoma.
caw -Nature ofprimary tumour. Orgam involved. Nature of No.
6 Liver ceR carcinoma Intestine and ovary Liver ceH carcinoma.
9 Mixed (liver and bile duct) ON-ary and kidney 911, .'P
10 -11[ixed Ovary Bile duct
12 Liver cell careinom 51 9 Liver cell
15 Bile duct Lungs and kidney Bile duct
18 .3fixed Lungs !P ly
19 Liver ceR careinoraa Lungs, ovary and kidney Liver cefl
20 3fixed Lungs and ovary Bile duct
21 Liver cell carcinoma "P 919, Liver cell
22 Lungs, ovary, kidney and
spleen
(5) Direct tran&mimion experimod (heterologou8).
In view of the transmissibilitv of at least I tumour from I species of bird
t,o another, i.e. the Fujinami sarcoma of fowls, which has been transmitted to
ducks, it was considered worthwhile attempting a simil6r experiment with the
duck liver carcinoma.
Experiment 14.--Three 6-week-old Brown Leghorn chickens each received
1-0 ml. tumour suspension into the peritoneal cavity, and 1-0 ml. into the left
pectoral muscle. Theoriginal tumour was from duck Case 18.
On the 3rd day I chicken was found in a dying condition and was kiRed.
Thepectoral muscle contained a smaRgreenish-brown growth which was takenfor
section. This was approximately 66 hours subsequent to injection. No detect-
able growth was found in the peritoneal cavity.
A 2nd chicken was found dead, 6 days subsequent to injection. There were
smaR fusiform tumours in the pectoral muscle and in the peritoneum.
A 3rd chicken survived and wasdestroyed 2 months later. Nosign oftumour
growth was found.
Hidology of cultivated and transplanted tumour8.
The structure of the implants on the chorioaflantoic membrane is ty-picaRy
that of the original carcinoma (Fig. 11). There seems to be no tendency to
revert to a more undifferentiated ty-pe. The hver-ceR tumour forms sofid
cylinders each surrounded by ramifying reticulum fibrils (Fig. 12). The tumour
is well.supphed with blood vessels derived from the chorioanantois. 31itotic
division is frequently seen, but some areas, probablv those not vascularized in
time7are undergoing necrobiosis, the nuclei showing pyknosis, karyorrhexis and
karyolvsis. Such areas are infiltrat-ed withphagoeytic cells such as macrophages.
The capsule is composed of fibroblasts derived from the'mesenckvmal tissue of
the chorioaUantoic membrane. It is usuafly infiltrated bv pseudo-eosinopbil
and mav contain epithelial elements resemb bile ducts.
When a portion of such a tumour is transplanted a second time, the resultant
growth is usuaBy smaH and contains considerable necrotic areas. In those
that surv-ive 7 however, the same structure is apparent, but the bile duct elements,
ifpresent, appear to persist longer than the liver ceR moietv.
T'he bile duct type (Fig. 13) is characterized by epithelial cells arranged in
the form ofducts or viRiform st ctures, which may take on a cystic appearance.
It has already been shown that the original liver tumour in the duck often
varies a-great deal in structure in different parts. It is obvious, therefore, that206 J. G. CAMPBELL
the cultivated tumours will also vary according to the site from which they were
taken. This possibly accounts for the differences between the original tumour
and the cultivated or transplanted tumours shown in Table III.
TABLE III.-Nature of Cultivated and Transplanted Duck Liver Carcinoma.
Diagno-sis of Diagnosis of Diagnosis of
Case No., Diagnosis of cultivated tumour subeultivated transplanted tumour
Exp. No. original tumour. (C.A. m-embrane). tumour (homoplastic and
(C.A. membrane). heteroplastic).
16 (1, 5) L.C. carcinoma L.C. carcinoma L.C. carcinoma
18 (3, 11) Mixed type B.D. 9 p Necrotic Mixed type
20 (4, 10) (a) L.C. carcinoma L.C. carcinoma
(b) Mainly L.C. but L. arcmoma
few bile ducts
Key L.C. = Liver cell.
B.D. = Bile duct.
Mixed = Both liver and bile duct elements present.
Histology of chorioallantoic lesions.
In every instance where a liver tumour was successfully cultivated on the
chorioallantois, a zone of opacity ofvary'ing extent developed in the membrane
adjacent to the tumour (Fig. 9). This area wasonly obvious when the membrane
and growth were examined against a dark background. Fig. 10 shows the same
tumour-bearing membrane photographed aaainst a white background, and the
lesions are then barely perceptible.
Upon histological examination, an interesting picture is revealed. The
membrane adjacent to the tumour is thickened and very vascular. The thicken-
ing is due in the first place to a pronounced proliferation of the ectodetmal cells,
which become -grossly hypertrophi6d and vacuolated. They measure from
15-30 [t in diameter (Fig. 14). The nuclei ofthese cells areirregular anddensely
staining. Fine cytoplasmic fibrils occupy the cell body, which h'as a well-defined
outer membrane. Eosinophilic masses occur in some cells, resembling to some
extent the inclusion bodies in a fowl-pox lesion of the chorioallantois.
Secondly, there is a proliferation of connective tissue in the membrane.
Lying enclosed in this stroma are epithelial structures resembling the
" cell
nests
" of squamous-cell carcinoma. These are eosinophific concentric bodies
whose outer coats are composed of flattened epithelial cells derived from a
down-growth of the chorioallantoic ectoderm. Passing towards the. centre of
the structure, these cells become hyahnized and lose their nuclei by fragmenta-
tion. The centres of the bodies are composed of a mass of dead, occasionally
vacuolated cells (Fig. 15, 16).




Material. Virus. Experiment No.
Ectodermal CeR nest
proliferation. formation'
Duck liver carcinoma ? 3 + +
Filtrate 4 +
Duck liver carcinoma 5 + +
j- 9 . 5 (subeultivation) + +
6 + +
6 (subeultivation) + +
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the extent of
" ceR nest
" formation. Filtrate on the other hand, simply caused
ectodermal proliferation.
Histology of transplanted tumours (heteroplastic grafts).
In Experiment 14, duck fiver carcinoma suspension was m ected by various
routes into youn Brown Leghom chickens, where the tumour grew successfully
up to 6 days.
The nodule removed from the pectoral muscle after 66 hours shows groups
of viable carcinoma cells, forming distinct g r acini. Some cefls are
actively divi and the graft appears to be infiltrating the muscle (Fig. 17).
The tumour tissue is vascularized and in places a connective tissue stroma con-
tains epithelial structuxes resembling bile ducts. There is some necrosis of the
muscle adjacent to the graft, probably due to trauma foflowing injection, and an
early host reaction around the foreign ceUs is cated by the presence of in-
filtrating histiocyteg, macrophao,,es, pseudo-eosinophils and a few lymphocytes.
In the peritoneum, the host reaction appears to be much more vigorous.
The nodule shows a dense connective tissue base (thickenedperitoneum), growing
from which is a mass of vascularized lymphoid tissue conta a few islands of
surviving hver ceRs (Fig. 18).
The 6-day graft (Fig. 19) shows a bile duct type of tumour, with a viUfform
structure. It is still actively growing and infiltrating the muscle, but there are
only a few surviving fiver ceUs in the form of acini, and these are engulfed in a
massive lymphocytic infiltmtion.
In Experiment 7d, fragments of liver carcinoma (Case 16, liver cell type)
were implanted into the anterior chamber of the eye of a guinea
i Two
tumours grew. On the 18th day the animal was destroyed and the eye opened.
One tumour measuring 4 x 3 x 2 mm. was used for further transplantation
experiments and the other smaHer growth was left in situ, and the eye prepared
for histological examination.
This shows a smaR tumour composed mainly of an undifferentiated mass of
epithehal ceM attached to the iris (Fig. 20). Some attempt to form cord-like
structures may be seen. The growth is surrounded by a zone of fibroblaAs and
is in parts infiltrated with lymphoid cefls. Vascular connections with the capil-
laries of the iris can be seen.
DIWUSSION.
In a previous co cation, CampbeR (1949), reported the results obtained
by implanting various spontaneous and chemicaRy induced chicken and mam-
mahan tumours into the fertile hen egg. Two main sites were used, namely the
yolk-sac and the chorioaUantoic membrane. Yolk-sac cultivation did not give
satisfact-ory results, this also being theexperience ofTwombly and Meisel (1946) ;
although Taylor, Thacker and P nini (1942), and several other workers
claimed a high perentage of intraviteUine growths with the particular tumours
used. These were mainly mouse and rat mam iary carcinomata, and the poor
results obtained by others, using different tumours, seems to indicate that the
environ.ment provided by the chick embryo yolk-sac is pecuharly suitable for the
metabolic requirements of mam lary cancer cells.
On the other hand, most of the tumours implanted on the chorioallantois208 J. G. CAMPBELL
grew successfully and were readily visible, and the death rate of embryos was
considerably lower than after yolk-sac injection. The sudden occurrence of a
number of cases of hitherto unrecorded primary carcinoma of the duck's liver
provided material for cultivation by various methods, with the main object of
searching for a transmissible factor or virus. The chorioallantoic method of
cultivation, therefore, seemed particularly suitable, and was extensively used.
There appear to be two possible explanations ofthe etiology ofthis condition.
Firstly, the disease might be associated with a transmissible factor. 'It is known
that the mouse mammary cancer factor of Bittner is transmitted from mother
to offspring by the milk, and this is one of the very few known instances of a
tumour of epithelial nature associated with a virus-like principle. It was felt
that the duck liver carcinoma might also contain a factor transmissible probably
via the egg, which might be capable of propagation in the same manner as the
milk factor of mice.
Experiments designecl to test this theory, however, have given negative
results as far as transmission by cell-free material is concerned. The only
evidence for an associated virus,has been that obtained from the cultivation of
the tumour on the chorioallantoic membrane, where in every instance typical
lesions developed in the ectoderm adjacent to the implant, or subsequent to
inoculation with filtrates of the tumour. Also, yolk-sac injections resulted in
EXPLANATION OF PLATES.
FIG. l.-Liver, and cut surface of one lobe, showing a hepatocellular carcinoma of a Khaki
Campbell duck. 4/5th natural size.
FIG. 2.-Metastases ofhepatocellular carcinoma in the lungs, ovar and kidneys of a Khaki
Campbell duck. 4/5th natural size.
T
FIG. 3.-Hepatocellular carcinoma. Khaki Campbell duck. H. & E. X 145.
FIG. 4.-Detail of duck hepatocellular carcinoma. H. & E. x 660.
FIG. 5.-Anaplastic type of duck hepatocellular carcinoma. H. & E. x 690.
FIG. 6.-Cholangiocellular carcinoma. White Campbell duck. H.; & E. x 145.
FIG. 7.-Metastasis of bile duct moiety of a primary mixed tumour to the lung of a Khaki
Campbell duck. H. & E. x 56.
FIG. 8.-Embolus of liver carcinoma cells within vein of intestinal wall, Khaki Campbell duck. H. & E. x 660.
FIG. 9.-Duck hver carcinoma cultivated on the chorioallantoic membrane. Note sur-
rounding zone of reaction. x 2.
FIG. 10.-The same, photographed against a white background. The reaction zone is not
now apparent.
FIG. II.--Structure of duck hepatocellular carcinoma growing on the chorioallantois.
H & E. x 56.
FIG. 12.-Detail of duck hepatocellular carcinoma growing on the chorioallantois showing reticulum. Wilder's method. x 260.
FIG. 13.-Cholangiocellular carcinoma of the duck, growing on the chorioallantois. The
tendency to form duct-like structures is well shown. H. & E. x 56.
FIG 14.-"Ballooned" ectodermal cells of the chorioallantois, adjacent to an iinplanted duck liver carcinoma. H. & E. x 530.
FIG. 15.-" Cell-nests
" in the chorioallant'ois, adjacent to iinplanted liver carcinoma.
Mallory's stain. x 56.
FIG..16.-Detail of a typical
" cell-nest
" in the chorioallantois. Mallory. x 260.
FIG. 17.-Growing periphery of duck liver-cell carcinoma in pectoral muscle of a young chicken 66 hours after implanting. H. & E. x 260.
FIG. 18 -Lymphocytic reaction to the duck liver carcinoma, 6 days after ixnplantation into
the peritoneum of a chicken. H. & E. x 260.
FIG. 19.-Cholangiocellular carcinoma of the duck, infiltrating pectoral muscle of a chicken,
6 days subsequent to implantation. H. & E. x 56.
FIG. 20.-The duck liver-cell carcinoma growing in the anterior chamber of a guinea-pig's
eye. A tendency to grow in cords is to be noted. H. & E. x 260.Vol. III, No. 2. BRITISH JOURNAL OF C-ANCER.
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C2mpbelL209 SPO.N,rT-A-NL-EOUS LIVER CARCINO-NIA I-N THE DUCK
the development of haemorrhages and death of the embrvo, and the allantoic
fluid from such embrvos caused the death of embrvos upon a second passage
into eggs.
With regard to the ectodermal lesions. it has been shown that thev reslut
from the implantation of most tumours. also embrvonic tissue, but not from
nornial adult tissues. It was suggested'that these .mdings might indicate the
presence of growth-stimulating substances in neoplastic and embrvonic tissues,
and supporting evidence for this hypothesis was produced (Campbefl, 1949).
It is elear. therefore. that the ectodermal lesions described cannot be regarded
as evidence for the presence of a virusper se. although the lethal effect on embrvos
of in ecting tumour material into the volk-sac could conceivablv be interpreted
as such.
It is possible that if a virus is present in these tumours, it is not capable of
(lemonstration bv the methods used. It is well knomm that Rous I virus under-
croes phases of 'Mactivitv when for a period it is difficult to induce tumours by
filtrates. Similar inhibitors might be responsible for the failure to transmit the
(luck tumour bv filtrate. The onlv successful transmissions were accomplished
bv the direct implantation of tumour tissue into the livers of recipients of the
same breed. It is not surprising that the tumour could not be transmitted to
young chickens. but the sui-vival of these heterologous grafts for at le-ast 6 davs
in the muscle and peritoneum of chick-ens is rather remarkable.
The second possible explanation of this apparent outbreak of liver cancer,
is a genetic one. The condition was onlv encountered in a single breed ofducks,
with the one exception where the bird was of a closelv related strain. -As far as
could be ascertained the individuals in the small flocks involved bore either the
sister or cousinrelationship to each other, whilst the tracing of 2 separate affected
flocks to a common source in theNorth ofEngland mav be a highly significant
fact.
Turning to the spread of the tumour in the bodv, Cases 6 and 22 are of some
interest owing to the sites of secondarv deposits, respectively intestine and
spleen. In the literature on primarv liver cell carcinoma in the human subject,
splenic metastases are mentioned b.t rarelv. Cappell (1925) described a case of
multiple microscopic metastases in the spleen in a case of liver cell carcinoma and
remarks on the smallness of these secondaries in comparison with the large
growths in the lungs. bronchi, pleura, heart and brain: but he offers no explana-
tion as to how the spleen becomes mvolved. There appear to be 2 possibilities,
firstlv. a retrograde spread along the hepatic vein to the coebac vein, and thence
back t-o the spleen, or, secondlv. a complete circuit of the vascular svstem
throu h the pulmonarv circulation and so to the spleen t-ia the splenic arterv.
In the one case encountered in the duck, pulmonarv metastases occurred, and
so this second hypothesis mav be the correct one. Once the lungs are involved
the tumours there mav also metastasize tumour cells or emboli could then
reach the spleen without much diffieultv. A direct spread t-ia the lungs seems
iinlikelv in view of the formidable barrier offered bv the pulmonarv capillaries.
Fox and Bartels (1928) favour the Niew that in the human subject the spleen
and mesenteric veins mav be invacled bv retrogTade extension along the portal
vein. In Case 6, besides seros-alimplantation on the wall ofthe int-estine, tumour
emboli were found within the veins of the gut wall. and their presence eould be
accounted for in this manner.
14210 J. G. CAMPBELL
SrMMARY AND CONCLUSIONS.
A hitherto unrecorded neoplastic disease affecting the liver of the 2-3 year
old female Khaki Campbell duck has been investigated, and details are given of
the history, symptoms, post-mortem findings and pathology, together with
experimental data resulting from cultivation bv various in vivo methods.
It is concluded that while an associate(f transinissible factoi- caiinot be
(lefinitely excluded, certain evidence has been. collected that a genetic factor
iiiay probably be involved in its etiology.
I wish to express my gratitude to Professor A. iNlurray Drennan of the
Pathology Department, University of Edinbiirgh, f6r Iiis interest in this work,
and for nunierous suggestions as to the manner of (levelopmeiit of tlle investig"a-
tion.
All the fertile eggs were obtained from Dr. A. W. Greenwood's flock of Brown
-Legliorns, and I have pleasure in recording niy appreciation of Iiis co-operation
iii this respect, and for much help in otlier directions.
Thehistologicalpreparations are the work ofMessrs. Cockbttrn and MacKenzie.
Part of the expenses incurred by this work was boriie by the Britisli Eii-ipire.
Cancer Campaign.
The colour photographs are the work of Mr. Richard Hood, Head Teelinician
at the Royal (Dick) Veterinary College, Edinbiirgh.
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